Freezing of PCR master mixture retains full amplification activity and facilitates PCR standardisation for molecular diagnostics and real-time quantitative PCR

TO THE EDITOR
The detection of mRNA expression using reverse transcription and subsequent amplification using the polymerase chain reaction is a sensitive and fast procedure providing an easy tool to study the expression of genes. The reaction however is not easy to quantify and therefore has limitations for diagnostic purposes. Lack of reproducibility and quantitation could be a cause for the differences in results in detecting the AML1/ETO transcripts in different laboratories. 1 The risk of contamination is high, due to the high sensitivity, and this reduces the reliability of the method. To increase reproducibility and to make standardisation of the polymerase chain reaction more easy we tested the possibility of freezing the reaction mixture. The reproducibility and the effect on the efficiency of the PCR was tested in a real-time quantitative PCR assay. RNA extractions of the human cell lines K562 2 and Kasumi 3 were performed using the guanidinium-isothiocyanate acid phenol chloroform procedure. 4 cDNA synthesis was performed in a total volume of 20 l as described. 5 Realtime quantitative PCR [6] [7] [8] was carried out in the ABI/PRISM 7700 Sequence Detector system (Applied Biosystems, Perkin Elmer (PE/ABI), Foster City, CA, USA). This is a combined cycler, detector and analyser. A master mixture was prepared using the buffer supplied by the manufacturer (PE/ABI). We used 1.25 units AmpliTaq Gold (PE/ABI) per reaction in a total volume of 50 l in special optical tubes (PE/ABI). Reactions contained 250 nm dNTP (Pharmacia, Uppsala, Sweden), 15 pmol forward and reverse primer, 10 mm Tris-HCl (pH 8.3), 50 mm KCl, 10 mm EDTA and 60 nm passive reference 1 (ROX dye). For the reaction conditions in the reactions for porphobilinogen deaminase (PBGD), 9 glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and AML-1/ETO, 10 we optimalised the PCR reactions for specificity and fluorescence intensity and used 4, 4.5 and 4.5 mm MgCl 2 and 120, 100 and 200 nm fluorescent Taqman probes, respectively. The Taqman probes contain a 5Ј reporter label and a 3Ј TAMRA quencher group and were synthesized according to Lee et al 11 (PE/ABI, Warrington, UK). In intact probes, the 3Ј TAMRA fluorescent dye quenches the 5Ј reporter fluorescent dye emission. 6, 12 During PCR, the nuclease activity of the DNA polymerase cleaves the probe resulting in a relative increase in reporter emission. The entire assay is performed in a closed tube. The reaction conditions were 10 min 95°C and 55 cycles of 30 s 95°C, 1.5 min 59°C. Fluorescence data was collected during the last 30 s of the annealing/extension phase of every cycle. Sequences of the primers and probes were: for the detection of AML-1/ETO the primers used were: AML1-intS: 5Ј-ACC- TCAGGTTTGTCGGTCG-3Ј and 821-D1 5Ј-GAACTG-GTTCTTGGAGCTCCT-3Ј. This resulted in a PCR product of 256 bp that could be detected using probe 821-TET 5Ј-ACCCACCGCAAGTCGCCACCT-3Ј. For PBGD the primers used were PBGD-SE: 5Ј-CTGGTAACGGCAATGCGGCT-3Ј. PBGD-AS: 5Ј-GCAGATGGCTCCGATGGTGA-3Ј with internal probe: PBGD-TET: 5Ј-CGAATCACTCTCATCTTTGGGCT-3Ј. The PCR product length was 338 bp. For GAPDH the primers used were GAPDH-Forw: 5Ј-GAAGGTGAAGGTCGGAGTC-3Ј and GAPDH-Rev: 5Ј-GAAGATGGTGATGGGATTTC-3Ј with Taqman probe GAPDH-JOE: 5Ј-CAAGCTTCCCGTTC-TCAGCC-3Ј.
cDNA of RNA isolated from cell lines K562 and Kasumi was prepared. To test the possibility of freezing of the PCR master mixture, we prepared 2.5 ml of all three reactions master mixtures. 50 l 100-fold diluted cDNA of Kasumi was added to the AML-1/ETO mixture and 50 l of undiluted K562 cDNA was added to the other reaction tubes. The optical tubes were closed and frozen at −80°C. At different timepoints three tubes of each reaction were thawed and subjected to the same PCR reaction conditions. Real-time product formation was studied using the ABI 7700 sequence detector. Figure 1 shows the result of fluorescence measurement in realtime of triplicate measurements after 2 months of freezing. Figure 2 shows the threshold cycle (C T ) of the reactions plotted against the time. This C T is the cycle at which each amplification reaches 10 times the standard deviation of the baseline fluorescence signal. 8 In this case we used the same threshold for all measurements in order to make a better day-to-day comparison. The C T is proportional to the number of target molecules that were present at the beginning of the amplifi-
Figure 1
Real-time fluorescence detection of triplicate PCR reactions of GAPDH, PBGD and AML-1/ETO after 2 months of freezing at −80°C. The black line represents the threshold. The cycle at which the fluorescence reaches this threshold, the threshold cycle (C T ), is used for quantitation.
Figure 2
Threshold cycles of triplicate PCR reactions after freezing for different time periods at −80°C determined in the ABI 7700 sequence detector of GAPDH, PBGD and AML-1/ETO samples.
cation. With a 100% efficiency of amplification, a two-fold increase in the template amount results in the decrease of the C T by one.
Over the tested period of time there are only small differences of the C T in all three reactions indicating that the sensitivity of the reactions is retained. There is no decrease, but a day-to-day difference in the C T values indicates that the sensitivity of the reaction is retained. Also triplicate measurements after 2 months of freezing show very little difference ( Figure  1 ). Detection of fluorescence at the end of the reaction, after 55 cycles and by agarose gel electrophoresis (data not shown) showed the same amount of product formed. We also tested the effect of repeated freezing of the AML-1/ETO reaction (data not shown). Gradually the C T increases with more freezing cycles. After 10 cycles of freezing the C T increases to about 1.5. Therefore the sensitivity decreases with about a factor 3 after 10 times freezing.
We did not test if master mixes containing different kinds of Taq polymerase also retained their sensitivity. It is likely that this is not the case, since with AmpliTaq Gold, the enzyme only becomes activated after heating 10 min at 95°C. Other possibilities available for storing PCR mixtures for enhanced reproducibility of the PCR: 'Ready to Go Beads' (Pharmacia, Uppsala, Sweden) and the commercially available 'Taq PCR Master Mix' (Qiagen, Dü sseldorf, Germany) can be used. These however contain a fixed amount of MgCl 2 and do not contain primers and probe.
The advantages of the freezing of the master mixture are reproducibility, speed and reduced contamination. Within a single batch of frozen master mixture the reactivity is the same and this opens the possibility of standardisation between different reactions and between different laboratories. Freezing of master mixture speeds up the time per single analysis, because the tedious preparation of master mixtures before each PCR reaction can be omitted. Since the stock solutions of individual components are not used every time, the risk of contamination can be reduced. Once individual tubes are frozen without contamination, they can be used without danger of contamination of all the components.
